payment. Following PPS there has been an overall decrease in epoetin use [2] , but limited attention has been paid to changes in anemia management by organizational status. The purpose of this study is to examine the changes in epoetin use across the different types of dialysis providers in the first year after PPS implementation.
Methods
The United States Renal Data System (USRDS) is a national system that includes demographic and clinical data on all ESRD patients and their institutional dialysis providers. We analyzed USRDS standard analytic files for December 2009 and January 2010 (one year before PPS), and November 2011 and December 2011 (one year after PPS). We selected January 2010 as our pre-PPS period because, in anticipation of PPS, providers appear to have already lowered epoetin doses in the months immediately preceding PPS [3] .
Similar to our previous work [1] , adult Medicare-eligible ESRD patients receiving in-center hemodialysis and alive in December 2009 and January 2010, and November 2011 and December 2011 were eligible for inclusion in the study. The analyses excluded 0.3% of patient records with hematocrit values less than 15% or greater than 60%, epoetin dose outliers (above 99.9th percentile), and patients in 8% of facilities that did not originally 'opt in' to PPS (all facilities must fully comply with PPS provisions by 2014). Dialysis facilities were classified as freestanding or hospital-based; freestanding facilities were classified as either for-profit or not-forprofit, and as either large chains (comprising two large for-profit chains, Fresenius and DaVita, and one nonprofit chain, Dialysis Clinic, Inc.) or smaller and/or non-chain affiliated facilities [4] .
The three measures of epoetin use that we compared pre-and post-PPS were: (1) the proportion of patients who received epoetin therapy; (2) the average weekly epoetin dose; and (3) the epoetin dose adjustments (titration) in the two-month period based on the hematocrit value at the start of the second month. Titration or dose adjustment is an indirect measure of the target hematocrit for each patient: a dose increase (positive change) suggests that the provider is aiming for a higher hematocrit level than the the patient currently has, a dose decrease (negative change) suggests a lower hematocrit target is desired, and no dose change (zero change) suggests the current hematocrit level is the desired goal. To adjust for differences in facility case mix, all three measures were standardized for the covariates listed in table 1 [5] . 95% confidence intervals for the standardized measures were obtained using a nonparametric bootstrap with 200 samples.
Results
Our analysis includes 187,591 ESRD patients receiving hemodialysis services pre-PPS, and 206,163 post-PPS. The mean pre-PPS hematocrit was ∼ 34.5% across all facility types ( table 1 ). The mean post-PPS hematocrit among large dialysis chains ranged from 31.1% at DaVita to 33.5% at Fresenius. Regardless of profit status, the mean post-PPS hematocrit for small dialysis organizations, nonchain facilities, and hospital-based facilities declined to ∼ 32%. The proportion of patients receiving epoetin therapy decreased from 94-96% pre-PPS to 87-88% post-PPS among the three largest dialysis chains, and from 91 to 85% among the small chains ( table 1 ) . The lower epoetin use in hospital-based facilities must be interpreted with caution because of their high use of darbepoetin, a derivative of epoetin ( table 1 ). Rates of 'zero' epoetin dose or withholding have doubled for each type of dialysis facility post-PPS compared to pre-PPS. Given the mean hematocrit at each time period, zero dose is more likely to occur at a hematocrit value of ∼ 35% or greater pre-PPS and ∼ 32% or greater post-PPS. Last, in both pre-and post-PPS periods, large organizations performing dialysis withhold less the epoetin dose compared to smaller organizations and independent facilities.
Compared with the pre-PPS dose, the average post-PPS epoetin dose declined 52% at DCI, 47% at DaVita, 29% at Fresenius, 43% at small for profit chains, and 39% at small nonprofit chains. Overall, the decline in epoetin dose was 38% among for profit facilities and 42% among nonprofit facilities ( table 1 ) . Among patients receiving epoetin therapy, similar average epoetin dose declines can be seen for each type of organization, regardless of hematocrit levels ( table 1 ; fig. 1 ). For all facility types, the overall aggregate reduction in epoetin dose is inversely related to the hematocrit level ( fig. 1 ). Unadjusted measures of epoetin use were found to be similar to standardized measures for all facility types because the patient case-mix was similar across all facility types (data not shown).
When assessing titration patterns in the pre-PPS period, facilities did not adjust the epoetin dose among patients with hematocrit 33-<36% in all facility types (except Fresenius). However, in the post-PPS period, this maintenance of epoetin dose occurred in a lower hematocrit range, among patients with hematocrit 30-<33% ( fig. 2 ) . Patients with hematocrit <30% had dose increases both pre-and post-PPS. Patients with hematocrit 33-<36% had, on an average, dose reductions in the post-PPS period and patients with hematocrit ≥ 36% had dose reduction in both the pre-and post-PPS periods.
Conclusions
Our study shows changes in anemia management across all dialysis facility types one year after implementation of PPS: 8% fewer patients received epoetin therapy and doses were reduced by one third to nearly one-half in Includes patients from dialysis facilities that opted into bundling. 2 Based on patients with a hematocrit value (patients receiving epoetin therapy are required to have hematocrit values reported in the claim). Hct 30-<33%
Hct 33-<36%
Pre Post the two chains that treat 70% of all dialysis patients. Titration patterns suggest that the hematocrit target changed from 33-36% before PPS to 30-33% after PPS. The concordance across facility types in response to PPS is notable. The exception is Fresenius, which had a smaller epoetin dose reduction compared to other facility types. However, an USRDS report [6] (based on data not yet available to outside researchers) indicates that Fresenius abruptly decreased epoetin dose in 2012 to levels comparable with those of DaVita and DCI. The difference in timing of Fresenius's response to PPS might be explained by a corporate decision for a smoother transition post-PPS [7] or the expiration of vendor programs (e.g. epoetin volume discount) in place during 2011 [8, 9] . Our results extend the findings of the other studies that have examined changes in anemia management by organizational status. Hirth et al. examined the costs of all injectable drugs used during dialysis among five different types of facilities and found that the use of expensive drugs such as epoetin declined substantially after PPS in comparison to lower cost iron substitutes [10] . Similar to our findings, the authors also reported that Fresenius used higher epoetin doses compared with DaVita and DCI at the end of 2011. In another study, Brunelli et al. found that epoetin use and hemoglobin levels decreased after PPS in small dialysis organizations [11] .
Between 1991 and 2008, Medicare epoetin payments comprised the second largest source of facility income ( ∼ 25%) among large for-profit chains before PPS [12, 13] . The mean epoetin dose increased fourfold despite increasing evidence that high hematocrit targets and high epoetin doses led to adverse outcomes [14] [15] [16] , and the subsequent issuance of an FDA Black Box warning. During this pre-PPS period, providers were underpaid by Medicare for dialysis services [17] and therefore injectable drugs like epoetin became profitable since they were reimbursed on a fee-for-service basis. Furthermore, dialysis providers belonging to large chains typically obtained volume discounts and rebates for epoetin linked to usage resulting in increased incentives to use higher doses [8] . To rein in epoetin use, ESRD PPS was implemented in January 2011 with two key components: (a) bundling costs previously reimbursed separately on a fee-forservice basis, including epoetin therapy (providers now receive a fixed bundled payment per dialysis session, whether or not epoetin is administered); and (b) incorporating targeted incentives for quality care keyed to particular measured outcomes (e.g. in the first year of PPS, 2% of a facility's 2012 Medicare payment could be withheld based on a high proportion of patients with a hematocrit <30 or >36%; the former measure weighted more heavily). Notably, despite these potential financial penalties, 29% of all patients at DaVita had a hematocrit below 30% in December 2011, more than three times the proportion in January 2010. However, the lower hematocrit target penalty was subsequently rescinded in 2013 to reflect the most recent FDA guidelines (issued in June 2011) [18] . GAO reports suggest that the June 2011 FDA guidelines resulted in further precipitous declines in epoetin utilization [19] .
Our study has limitations. First, we did not have information on the route of epoetin administration, although data suggest less than 3% subcutaneous administration (requiring less epoetin) in large and medium chains compared to 13% in small chains and independent in December 2011 [20] . Our results may overstate the relatively small differences in epoetin dosing found among small chains and independent facilities. Second, we focused on the first year post-PPS. Future studies are warranted to examine if the trends we report continue or plateau.
In conclusion, the confluence of new financial incentives bundling epoetin payments and mounting scientific evidence linking higher epoetin doses to adverse outcomes culminated in fewer hemodialysis patients receiving epoetin therapy, lower epoetin doses administered and lower target hematocrit levels across nearly all dialysis providers in the first year after PPS. The effects of these changes in anemia management on mortality and quality of life among the dialysis population are uncertain and will require careful future assessment.
